CITY OF SUMAS L etter 4

P.O. Box 9
Sumas, Washington 93295
Phone (360) 988-5711
FAX (3160) 983-8855
MAYOR-DON PETERSON COUNCIL MEETINGS
CLEARK-TREASURER-KATHRYN HARVEY . SECOND AND FOURTH .

"MONDAY OF EACH MONTH

April 7, 2000

Mr. Allen Fiksdal
PO Box 43172 DR oo Debn ;
Olympia, WA 98504-3172

CENE R S s
Re: ~ Sumas Energy 2 DEIS

Dear Mr. Fiksdal:

This letter contains comments from the City of Sumas upon the Draft EIS for the Sumas Energy 2
Generation Facility. Overall, the City finds the DEIS to be a thorough and clear disclosure of the
environmental impacts related to SE2. We do, however, have some suggestions about format of
material, as well as some additional information 10 share with EFSEC.

Groundwater. The DEIS notes that “there is a potential that an increase in extraction of
groundwater from the City well fields could have an incremental long-term effect of lowering the
water level in the Sumas aquifer....” (p. 3.2-25). This conclusion is apparently based upon a 1999
report released by the US Geolo gical Survey. When examining the actual USGS report, however,
it is found that the USGS bases its remarks not upon actual research of its own, but rather upon a
1987 report published by the B.C. Ministry of Environment, Land, and Parks (BCMOE), titled
“Groundwater Supply Capability -- Abbotsford Upland”. The BCMOE report discloses the
results of original long-term research, and it characterizes things differently. It says “Lower water 2
levels monitored in observation wells since 1982 likely refiect a localized lowering of levels due to
well interference and are not indicative of a groundwater mining situation in which demand is
exceeding the natural recharge.” (p. 14). A copy of the BCMOE report is enclosed for your

reference. The authoxs of the DEIS should review the BCMOE report and make appropriate
changes to the DEIS. The City believes that the DEIS, as drafted, overstates the potential for
long-term lowering of water levels in the aquifer.

There is other information relevant to the capacity of the aquifer to support SE2. Because of
degradation of groundwater quality, Abbotsford has over time decreased its reliance on
groundwater as a source of domestic supply. As of March, 2000, Abbotsford has discontinued
the use of groundwater except duting periods of peak summer demand. Abbotsford’s major wells
are the Farmer Road and Industrial Road wells about % mile to 1 mile north of the border.
Abbotsford has historically withdrawn about 5,000 gpm from those wells, an amount about seven 3
times greater than the 650 gpm Sumas proposes to withdraw for SE2’s supply. Attached is a
letter from Rick Bomhof at the City of Abbotsford verifying the situation, to gether with an
attachment showing the relevant historic withdrawal rates. The DEIS should acknowledge how
this change will improve the overall availability of water within the aquifer.
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Air Emissions, The DEIS provides an excellent description of impacts from emissions, but in a
fairly traditional format. The DEIS describes emission rates in parts per million and poliutant
rates in micrograms per cubic meter, and it contrasts these values to applicable standards. As you
heard from testimony, though, there is public concern about SE2 emissions and possible health
impacts. We suggest that the DEIS could be improved in terms of format of material in order to
better allow people to understand EFSEC’s conclusion that there are no significant adverse
impacts. Attached is an example of what the City suggests, based upon Table 3.1-14. That table
is meant to compare SE2 emissions to Ecology’s ASILs. It is hard for the layman to understand
how the table supports the conclusion that SE2 will not adversely impact buman health. The
numbers are in scientific notation, and the definition of “ASIL” is present 15 pages earlier in the
document. The same information could be repackaged as shown on the attached Exhibit B to
make the table more accessible. The definition of how an ASIL relates to human health could be
included in the column heading, as shown, and a new column could be added showing the safety
factor between SE2’s emissions and the ASIL value. '

EFSEC could also add some information to the DEIS to put SE2’s emissions into context. 761
tons per year of criteria poliutants sounds fike a lot, but how much is it in comparison to what’s
already present? Attached as Exhibit C are pie-charts prepared by NWAPA for the 1996 calendar
year, based upon NWAPA''s estimate of pollution within its 3-county area. By simply noting
SE2's annual total on each corresponding chart, EFSEC can show how SE2 compares within the
airshed. At the upper extreme SE2 would account for a 3.2 percent increase in PM10, and at the
lower extreme it would generate a 6/100ths of 1 percent increase in CO. The charts also show
how industrial point sources collectively compare to other emission sources — i.¢., the bulk of
today’s air pollution is attributable to outdoor burning, woodstoves, and vehicle emissions.

Alternatively, recognizing that air pollution doesn’t recognize the international border, the DEIS
could show SE2’s emissions as a fraction of the pollution in the larger airshed encompassing the
Lower Frasier Valley and the NWAPA 3-county area. Attached as Exhibit D is an example table
" based on the same 1996 NWAPA data referenced above, to gether with corresponding data
pertaining to the Lower Frasier Valley as provided by Colin di Cenzo of the Greater Vancouver
Regional District. In this table, the public could see that SE2’s proposed maximum emissions
range from a low of 2/ 100% of 1 percent for CO to a high of 1.17 percent for PM10. SE2’s
overall contribution is slightly more than 1/1 0™ of 1 percent.

Exhibit E is a final possible example on the same theme. It compares the proposed SE2 emissions
to other recently permitted and/or constructed power plants in B.C., Washington, and Oregon, as
taken from the actual operating permits. The table shows emission rates and tons per year for
two representative criteria pollutants, as well as the annual total for all five criteria pollutants.

The final column shows the amount of poliution emitted each year per megawatt of power
produced, with a range from 1.15 TPY for SE2 to 6.51 TPY for the Campbell River plant in B.C.

Each of the above suggestions would enable the public to place the SE2 proposal in context and
to better understand why EFSEC believes SE2 will have no significant environmental impacts.
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Thank you for the opportunity to comment upon the DEIS.

Sincerely,

A

David L. Davidson
City Administrator
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@48 Abbotsford

2000-02-25
File: 5600-40
X File: 5260-50/7

City of Sumas
433 Cherry Street
Sumas, WA
USA 98295

Attention: Mr, David Davidson
Dear Sirs:

Re: Abbotsford East Wells

Further to our telephone conversation on February 24, 2000 this will confirm that the City of
Abbotsford is currently implementing it’s plan to minimize well water usage in East Abbottsford
(former District of Abbotsford). During the next few months the water system will be changed
such that the existing wells will only be used for peak demands during the summer months. As
time progresses it is the intent to further reduce usage of the well water with plans to develop
additional surface water supplies in the 10 to 15 year time frame. The wells referred to include

the Farmer Road and Industrials wells.
Should you have any questions please call me at (604)864-5514.

Yours truly,
Ul
e

Rick Bombhof, P
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ABBOTSFORD ABANDONED WELLS FLOW RATES V3 ¢ faon \

' I (X s N
S;‘UDV‘} Q\ s N\W

FARMER RD. WELLS | y
An 5% X0 Suf

#1 1,400 GPM , S \ \K\Lé

. ) gk N
#2 1,000 GPM { Cxe?

e g
#3 800 GPM LG - \/w _3(‘\\35‘1 aﬁh

TOTAL 3,200 GPM

INDUSTRIAL WELLS
A 400 GPM

B 680 GPM

c 1,000 GPM

TOTAL 2,080 GPM

GRAND TOTAL 5,280 GALLONS PER MIN.

THECEIVE]

MAR 28 2000

CITY OF SUMAS
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Table 3.1-14

Sumas Energy 2 Final EIS

-Volume 2

Pollutant Annual Ecology ASIL Max SE2
(ug/m’) Annual Safety
| _ SE2 factor
(set conservatively to .. | compared
protect human health, (ug/m’) | 45 ASIL
limits chances of new
cancer case to 1 in |
million)
Acetaldehyde 4.50E-01 3.70E-03 122X
Arsenic . 2.30E-04 1.47E-05 16 X
Benzene 1.20E-01 6.47E-03 19X
Beryllium 4.20E-04 5.20E-07 808 X
Cadmium 5.60E-04 5.09E-06 110 X
Chromium VI 8.30E-05 1.36E-07 610 X
Dioxins 3.00E-08 5.31E-10 57X
* Formaldehyde 7.70E-02 8.18E-04 94 X
Furans 3.00E-08 1.47E-09 20X
Nickel | 23BE93 136804 '
PATS § ABOE04 sTEw|  BX
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Exhibit <

e et o prm e TR

N O RTHWES ’I‘ ‘ 1600 South Second Street
e ) - Mount Vernon, WA 98273-3202
A AR POLLUTION AUTHORITY Tel: 300 Q821017 0 Fax: (360) 428-1620

Servinz Island. Skagit and Whateom Counties

.. - — - . .
—_— t -~ ‘ —— — s
—— - ) -
i i - i~ 7 i 0T L_I
B PRy R o TTEDET
October 5, 1999 R T . e e e e
Tt L : 0T e e TTOTTT AL dhvirs
' TS SR TR Uy N SO DU v oc Y |V 010 S S § e
Bob Bingham o0 A A -
Sumas Cogeneration Company, L.P./Calpin S LR o Vi et -
P.0. Box 220 TomNT e . T b ook
Sumas, WA 982950220 . S
Dear Mr. Bingham: - .
' ) slEN { —

Per our telephone conversation today, I am sending revised totals of emissions from your facility in 1998.
The plant emissions listed below will be published in NWAPA’s annual emission inventory report.

CRITERIA POLLUTANTS (fons)

: PM10 S02 NOx VOC CO
1997 6 ' 1 33 13 2
1998 3 9 63 8 7
CHANGE +2 +3 +32 -5 +5

Increased operating time resulted in increased emissions in 1998.

TOXIC AIR POLLUTANTS (pounds)

" [AMMONIA . 126372 BENZENE 12
FORMALDEHYDE 65

If you disagree with this informau'on; please contact me at (360) 428-1617 ext. 226 within 10 days to .
make any corrections. Also, please find enclosed copies of emission of criteria pollutants in the 5 )

' NWAPA jurisdiction. TWESE cstmates arc based on 1996 figures and are only estimates Meant fo give.
Tneral picture of the various SOUTCES of critena air pollutants, If I can be of furiber assistance, please do

e

Minda Phillips
Assistant Air Quality Control Specialist
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SE2 Criteria Pollutant Emissions
as Fraction of Pollution in Airshed

E kh’gﬂl D

AP G emary g m TSI

Pollutant | NWAPA | Lower Frasier | SE2 Total _' SE2 %
Area Valley Area of Total
(TPY) (TPY) (TPY) | (TPY)
CO 172,818 250254 | 101 |423,173 |0.02%
NOx 23,670 58,876 236 | 82,782 | 0.29%
SO2 18,227 6,846 45 | 25118 |0.18%
voc | 26,687 73,762 156 {100,605 | 0.16%
PM10 7,051 11,721 223 | 18,995 | 1.17%
Total 248 453 | 401,459 761 | 650,673 -
38.18% 61.70% | 0.12% | 100%

 NWAPA figures for CY 1996 according to Minda Philips memo dated

10/5/99

Frasier Valley figures {from persenal:c@;manicati@n@f.@eliadi Lenzo
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PROVINCE OF BRITISH COLUMBIA

MINISTRY OF EHYIROHMENT AHD PARKS

WATER MANAGEMENT BRANCH

GROUNDWATER SUPPLY CAPABILITY
ABBOTSFORD UPLAND '

A.P. Kohut
Groundwater Section
. Victorja, British Columbia
May 1987
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SYNOPSIS

The Abbotsford Upland encompassing a broad area of 18.6 square miles
situated southwest of Abbotsford is underlain by a success1on of gTacm-
fluvial sand and gravel deposits whlch constitute a major aquer In, 1985
this aquifer suppiied 13.4 cfs on a continuous basis for industrial (41
percent}, municipal (34 percent), irrigation (21 percent) and domestic (4
percent) demands, This withdrawal was equivalent to 45 percent of the
estimated annual recharge rate of 30 cfs. The total quantity of water
pumped in 1985 was estimated at 2.6 billion gallons. Groundwater extraction
is presently centered in the southeast corner of the Upland where the Fraser
Valley Trout Hatchery and the District of Abbotsford wells account for more
than 60 percent of the total Upland withdrawals. Overall groundwater demand
since 1982 appears to have been re'lati;ve'ly steady but is likely to increase
in the future with increased irrigation needs. Future recommended
initiatives include enhanced groundwater level monitoring, quantifying in
more detail, present and projected irrigation use, regulating extraction in
certain areas and further assessing of groundwater use in the Washington
State'portion of the aquifer.

Sumas Energy 2 Final EIS
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GROUNDWATER SUPPLY .CAPABILITY, ABBOTSFORD UPLAND

1. INTRODUCTION

In 1985 it was observed that water levels in observation wells located
on the Abbotsford Upland (Figure 1) were not responding normally to precipi-
tation since 1982, Based on observed historic water level records for the
1970 to 1981 perlod and correspond1ng precipitation, it was anticipated that
groundwater levels would follow a rising trend from 1982 to 1984; a period

of above normal precipitation. Post 1982 groundwater levels in the observa- °
tion wells, however rema1ned relatively static suggesting that groundwater
- withdrawals from the aquifer may be -approaching or exceeding the natural
recharge rate. '

A study was, therefore, initiated to determine the significance of the
post 1982 water level trend be1ng observed and to quantify the average rate
of groundwater withdrawal. Information from well records, geologic and
groundwater reports and observation well data on file with the Groundwater
Section were reviewed. A field inventory was carried out by J. Glass of the
Surrey Regional Office dur1ng 1985 and 1986 to obtain up-to-date information
on existing high capacity wells and groundwater use. Major groundwater
users including municipalities, water works districts and the Fraser Valley
Trout Hatchery (FVTH) were also visited by P. Sjoman of the Surrey Regional
Office to obtain records of 1985 water use.

Tt <apors ammaTizes omEFids Sifemmtion o shropuiters wnisRigin
2 WHOTSTOTd Tpiand, ~Feporied wEls, TrounlesieT TOVENENT BN THNES T
aguifer rechange anl WiThdrawdl. Tomparisens are salde brlwesd s5tjotal
aqu1fer withdrawals and annual recharge and ‘recommendations for further
monitoring procedures are outlined.
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2. STUDY AREA

The Abbotsford Upland as shown in Figure 1 encompasses a broad area of
18.6 square miles situated southwest of Abbotsford. The area is bounded on
the south by the International Boundary, on the west by Fishtrap Creek and
Enns Brook and on the east by the Sumas Prairie Lowland. For purposes of
this study the northern boundary has been arbitrarily set along the
abandoned railroad line in Sections 19, 20 and 21 in Township 16. The major
portion of the Upland lies between elevations of 150 to 250 feet above sea
1evel. The eastern boundary is marked by an escarpment which rises abruptly
from the Sumas Prairie Lowland which is at an elevation of 40 feet above sea

level.

There are no major streams dissecting the Upland. Fishtrap Creek and
small tributaries occur along the western edge of the Upland. A line of
springs occurs along the eastern toe of the Upland. These discharge into
drainage ditches and Lonzo Creek which flow through the Sumas Prairie
Lowland. A number of small lakes namely; Llaxton Lake, Abbotsford Lake
(Mi11 Lake) and Judson Lake occur on the upland. The surfaces of these
Jakes are believed to be an expression of the water table (Halstead, 1959).

The Region is characterized by a cool Mediterranean type of climate in
which precipitation falls principally as rainfall during the period
September to May. The area receives an average of 1 513 mm of precipitation
annually (Environment Canada, 198 ). The period from June to September is

J?ﬁﬁﬂﬁﬁiﬁ?ﬂmy'aﬁﬂfﬂayiﬁ2%55%§$=t’%5'%W$ﬂ3¥ﬁftﬁmﬁﬁi§ﬁﬁs‘fﬁﬂ’ﬂﬁﬂﬁﬁbaﬁﬂﬁmﬂﬁh
3. TGENERAL SED@QF? :

The Abbotsford Upland is underlain by a succession of unconsolidated
glacial and non-glacial deposits of Pleistocene and Recent ages. These
deposits are reported to be at least 339 feet in thickness at Clearbrook
where they overlie Tertiary bedrock (Armstrong, 1960). During the final

Sumas Energy 2 Final EIS
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stages of deglaciation of the Fraser Lowland a valley glacier occupied the
symas Valley (Armstreong et al, 1965). During retreat of this Sumas ice an
extensive area of glacial fiuvial and ice-contact deposits consisting of
gravel, sand and lenses of till was laid down in the Abbotsford area. These
deposits which mantle most of the Abbotsford Upland were designated by
Armstrong (1960) as Abbotsford Outwash. The deposits also extend southwards
into the State of Washington (State of HWashington, 1960). More recent
mapping by Armsfrong (1980) delineates these sediments as recessional
glaciofluvial deposits within Sumas Drift (Figure 2). Till deposited by
Sumas ice underlies the glaciofiuvial deposits in many areas and is exposed
in north-south trending ridges along the tppdgraphical]y higher regions of °
the Upland {Figure 2). O0lder advance gtaciofluvial deposits also within the
Sumas Drift and comprised of gravel and sand are found along the eastern
escarpment of the Upland. These deposits were previously termed Huntingdon
Gravel (Armstrong, 1960). Glaciomarine stony silt to loamy clay of the Fort
Langley Formation is also found exposed on the Upland northeast of the
Abbotsford airport. Eolian deposits comprised of windblown sand and silt up
to 8 metres in thickness occur in a north-south trending belt between Mill
Lake and the International Boundary. Bog, swamp and shallow-lake deposits
comprised of peat occur around Laxton Lake and southwest of the Abbotsford
airport.

Subsurface lithologic data from available water wells, the location of

which are shown in Figure 3, was utilized to construct representative
_geplogic. cross sections throygh the Abbotsford dplead. Ihree wesi io £ast
futeTprELive TTISS seitions ore Showa S Tagure 3. LasEimn - Tov TR
aprtions are shown Tn Figure 3. "Sand and gravel GepDEits FppeET 1o T
the major portion of upland deposits to a depth of 150 feet, These are
interspersed with discontinuous bodies of till, Due to the lenticular
nature of the till it would aﬁpear that in many places the younger
recessional outwash deposité (Abbotsford Outwash) are in direct contact with
older advance outwash deposits (Huntingdon Gravel). This stratigraphic
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relationship is significant in terms of hydrogeologic continuity, ground-
water availability and movement as outlined in the following section.

4. GROUNDWATER OCCURRENCE AND MOYEMENT

The sand and gravel deposits underlying the Abbotsford Upland to a
depth of 200 feet below sea level comprise a major hydrostratigraphic unit
up to 298 feet in thickness which has been termed the Abbotsford Aquifer
(Kohut et al, 1982). Transmissivity values in the range 1.0 x 10% to
1.5 x 105 USgpd/ft. width of aquifer have been reported along the eastern
toe of the Uptand {Callan, 1971b). The maximum thickne§§ of the Abbotsford
Aquifer and the presence of deeper ‘aquifers more than 200 feet below sea
level are presently unknown. For the most part groundwater occurs under

~non-confined or water-table conditions with water levels ranging from 0 to
130 feet below ground. Where glacial till lenses are present, groundwater
in underlying sand and gravel deposits can occur under confined conditions.
This is evident, for example, in the central portion of cross section A-Al
{Figure 4) where non-pumping water levels have been reported above the top
of the major water-bearing deposits. ~Non-pumping water levels (feet below
ground} based on historic data when the wells were completed or first
inventoried are shown in Figure 5. Water levels in the wegtern portion of
the Upland are generally shaliow (<20 feet below ground). The deepest water
Tevels are found in the central and eastern, topographically higher areas of
the Upland. Shallow groundwater levels around Laxton, Judson and Abbotsford
Figere © fepitis the Tonboeved Sleution oF FNETOTIT, TOR-PEpINY STy
Javsls.  This wap my P wmed Mo determive the inferved direction ot
regional groundwater flow from areas of higher water level elevation
(greater hydraulic head) to areas of Tower water level elevation (lower
hydrauiic head). Inferred directions of regional groundwater flow, normal
to the water level elevation contours are shown in Figure 6. It is apparent
that regional groundwater flow is radially away from the topographically
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higher north central portion of the Upland towards the outlying western;
eastern and northern boundéries. Groundwater flow in the southern portion
of the Upland appears to be towards the State of Washington. As the water
level information utilized in the preparation of the above maps is hased on
historic data, and from wells of differing depths, the maps may not be
entirely representative of present water level conditions 1in localized

areas.

5. GROUNDWATER LEVEL TRENDS

Seven observation wells are being operated on the Abbotsford Upland,
the locations of which are shown in Figure 7. Table 1 summarizes background'
information on each of the wells. Water level data has been reporded on a
continuous basis at four of the sites since 1972, Available nydrograph data
for the period 1970 to 1986 are shown in Figures 8 and 9.

During the period 1970 td 1982, water levels in Observation Wells 2 and
8 (Figure 8) located near the central portion of the Upland exhibited a high
correlation with cumulative precipitation departure data. However, since
1987 the water levels in these wells have not responded favourably in spite
of the above-normal precipitation recorded. The 1levels have remained
relatively steady since 1982 close to previously recorded minimums. Other
observation wells which are situated in close proximity to major production
wells show similar trends in addition to significant deciines due to well
interferencs., & migaificant lowering of sater Jevels in wmelds-de. 44 -snd
IS, Fiir waetie, SCCHTEE T TITY @s prefutien 4l 3s "For TR T Walley
Jrout HETchery “becane operatiohai. .

Over the past twenty-five years a number of wells have been deepened on
the Upland to enable landowners to obtain desired quantities of groundwater.
During the 1960's, for exampie, deeper drilled wells were constructed in
some areas in existing dug wells to enable extraction of water more
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efficiently. Ouring the period 1977 'to 1979 which was an interval of below
.normal precipitation, several wells were deepened on the up]and.

puring field . inventory work carried out in 1985 and 1986 several
individuals reported their observances ~of 1lower gkoundwater levels in
section 1. TP 13 (South of the Abbotsford Airport) and Sections 3, 4, 8 and
9 of TP 16 (East of the Airport}.

6. GROUNDWATER RECHARGE AND AVAILABILITY

Groundwater recharge which includes the entry of water 1o the saturated
zone together with the associated flow away from the water table (Freeze and
Cherry, 1979) is difficult to quantify accUrate]y.' Estimates of groundwater
recharge are, however, important for assessing the rate at which- groundwater
can be withdrawn on an annual basis (perennial yield) without creating
undesirab]é results, such as, a progressive Jlowering of water levels in
wells and a subsequent reduction in their yields. The term “mining" has
been used to designate sitvations where groundwater withdrawal rates exceed
the recharge (Todd, 1980}. The recharge rate at any time, however, is
dependent upon a number of factors including the effects of groundwater
withdrawal which alter the hydrologic regime with time. The perenniaf yield
subsequently varies with time and different patterns of recharge, develop-
ment and use of groundwater in an area (Todd, 1980). The term "safe yield"
commonly used in the past implies a fixed quantity of extractable water from
an 2nea and .dops moi take into .account factors governing perennial Fiedd,
Soch W%, BOUREGIDS, roer QoEifgy, 53 SRRy, Y RSy e e
consiteraitons, Tor exxwpie. '

7. RECHARGE ESTIMATES

Halstead (1959) estimated recharge over the entire Abbotsford Upland of
20 square miles at 5 x 109 gals/year {US galions assumed}. This recharge
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rate would be equivalent to 24 percent of the mean annual precipitation of
1 513 mm. Callan {1971a) estimated recharge over the eastern portion of the
upland (6 square miles) to be 10.5 cfs, equivalent to a recharge rate of 41
percent of the mean annual precipitation. This was based in part on
measurements‘of naturaT discharge of springs along the eastern boundary of

the upland.

A numbér of methods, for example, can be used to estimate groundwater
recharge including: water balance, well hydrograph, flow net and infiltra-
tion analysis techniques. The water balance method, for example, determines
available water surplus for groundwater recharge and surface runoff by

_ calculating the difference between precib{tation and potential evapotrans-
piration (Thornthwaite and Hatﬁer, 1957). The hydrograph method involves
determining the annual net rise in water level in an -observation. well
accounting for probable discharge during the recharge period and converting
this to an equivalent quantity of water necessary 1o produce the observed
water level rise. The unconfined storativity of the aquifer must be
approximated to calculate the recharge rate.

Groundwater recharge for -the Abbotsford Uplaﬁd was estimated using two
methods; the water balance method of Thornthwaite and Mather {(1957) and
analyzing available long-term hydrographs for two observation wells (Wells 2
and 8). Results of these estimates are listed in Table 2. Calculations for
these estimates are given in Appendix A.

i
?fh&éﬂﬂiﬂuiﬁﬂanme:nﬁthan;QXEﬁma;zjiﬁﬁﬁkﬁﬂnszﬁtiﬂmae:ﬁajﬁheiﬁﬂnﬂﬁiﬁmﬂ
'i-ssmniﬁg -a‘“ af “the mﬂmﬁ sﬁﬁpﬂﬁs W’!ﬂm 4D ‘ﬁ‘f& water TEEIE ERS
surface runoff from the Upland does not occur, Due to the coarse textured
nature of the surficial deposits and lack of major streams dissecting the
Upland it is likely that this high recharge rate fis probable. Depending
upon which unconfined storativity -(specific yield) values are considered,
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recharge based on the well-hydrograph method varies from 18 to 81 percent of
the mean annual precipitation. Assuming a probab]é specific yield value of
0.25 which is representative of fine to coarse sand and gravel {Johnson,
1967), ‘recharge to the Upland would be in the range 37 to 81 percent which
would be comparable to the results of the water-balance method.” A minimum
value of 37 percent would be equivalent to an annual recharge rate of
30 cfs. '

The amount of groundwater in storage under the upland can be roughly
estimated assuming, for example, that two-thirds of the upland is -underlain
by aquifer materials having a minimum saturated thickness of»lOO feet with
‘an unconfined storativity of 0.25. This quantity would amount to
5.4 x 1010 Igals., the.equivalent of 10 years supply at a withdrawal rate of
27 cfs. '

8. GROUNDWATER USE

Groundwater on the Abbotsford Upland {is wused for many purposes
including: municipal supplies, irrigation, stock watering, food processing,
industrial supplies, -fish hatchery requirements and individuallreéidentia]
needs.

In 1980, Zubel estimated groundwater use on the Upland at 16.6 cfs.
" Water well records on file, the locations of which are shown in Figure 3
Sndicate the possible existence of -some 650 individual welds dncludiag 500
faﬁmiiaaﬂeuﬁmls4&m@42§£4;ﬁﬁﬂmhaaagggiﬁiﬁi@b4;:mnmniﬁiﬂimziﬁiiimurihmdﬂé!?%ﬁiﬁw
n Jpmewer B _dn aee pavgizdlarly afere weuicip) smpslins Jove _mereinad
residential  Tommhitles. “The “Iveotiom oF wells hawlmy “tedividual

~ capacities >25 gpm are shown in Figure 7.

Irrigation use occurs predominantly in the southern and western portion
of the Upiand. Municipal wells belonging: to the District of Abbotsford, the
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District of Matsqui and the Clearbrook Water Works District are centered
along the edge of the eastern escapement, within the community of
Abbotsford, east of the Abbotsford airport, south of Abbotsford Lake, and
_ within the community of Clearbrook (Figure 7). The Fraser Valley Trout
Hatchery wells are situated along the toe of the eastern escarpment.

A summary of the estimated groundwater use in 1985 for the four major
use cafegories namely: industrial, irrigation, municipal and domestic is
shown in Figure'lo and 1istéd in Table 3. Total groundwater use in 1885 was
estimated to be 2.6 X 10° Igals., or approximately 13.4 cfs. Methods of
determining use and information on each of the major users is outlined as

follows:

Industrié] Use

There are a number of major industrial users of groundwater on the Upland
including, for example: the Fraser Yalley Trout Hatchery, various food
processing firms, the Abbotsford Airport, poultry farms, gravel washing
operations, cold storage firms and tree nurseries. The largest single user
is the Fraser Valley Trout Hatchery which pumped 9.3 X 108 1gals in 1985;
equivalent to 1 770 Igpm on a continuous basis. Groundwater use at the
hatchery is metered. The extent of other industrial pumping is not
accurately known but could be equivalent to a further 300 Tapm, Halstead
{1986}, for example, reported 1981 use at Empress Foods in Clearbrook to be
184 026 m3/year which would be equivalent 1o J7 Jgpm.

Arrigation
Total firrigation use is difficult to quantify with any accuracy as most
wells are unmetered and demand may vary with time from site to site
depending upon several factors inc1uding,,fdr'examp1e, weather conditions,
types of crops grown and methods of. irrigation. Information obtained during
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the 1985 and 1986 irrigation seasons from individual land owners indicates
that irrigation wells are generally used for berry crops from June to
September {up to 3 months}; 10 to 24 hours per day depending upon the
weather. In some wet years only a few weeks of irrigation may be required.”
Irrigation requirements are estimated to be B8 to 12 inches during the
irrigation season (pers. comm. T. Van der Gulik, Ministry of Agr1cu1ture and
Fisheries, December 1986). This would be equivalent to a continuous applica-
tion rate of 1.6 to 2.1 Igpm per acre during the irrigation season. During
the last 10 years irrigators have been shifting to "big-gun type" irrigation
equipment and subsequently application rates have 1likely increased to
compensate for increased evaporation losses (pers. comm. B. Peters,
Ministry of Agriculture and Fisheries, November 1986). Figure 11 shows the
inventoried areas of irrigated lands having wells with individual capacities
greater than 25 gpm. As all landowners could not be contacted during the
1985-86 survey and some withheld information, these areas represent a mini-
mum area of lands (1,400 acres) irrigated with groundwater. A number of
1andowners parti¢u1ar1y west of Laxton Lake, where the water table is high,
pump directly out of dugouts or drainage ditches and not from wells others
pump from Laxton and Judson lakes. Raspberry production has apparently
increased significantly on the Upland during the last 10 yéars and has
replaced cultivation of strawberries and vegetables for the most part. Of
the 6,000 acres of raspberry crops under irrigation in the Fraser Valley,
two-thirds to three-quarters {4,000 to 4,500 acres) could be under irriga-
tion on the Upland (pers. comm. B. Peters, Ministry of Agriculture, Hovember
3985). Based on information obtained from Izndowners in 1985 @nd 1586 am
monen _auistomee 0F Do Txperity -wslix 3% s m ‘et Senat
2 208 orrrr pre preeenily Deing fzrigeted off2h wmmdeater

Based on 2,000.acres of irrigated lands and an application rate of 12 inches
over 3.months, the estimated maximum irrigation requirements from ground-
water over one season would be 5.4 X 108 1gals, equivalent to an annual
withdrawal rate of 1,030 Igpm. As the 1985 irrigation season was especially

Sumas Energy 2 Final EIS ..
Volume 2 Letter 4 - Page 29



- 11 -

dry it is possible that irrigation use may have approached these figures.
The maximum instantaneous withdrawal rate at the peak of the irrigation

season could conceivably be as much as 4,120 Igpm.

Municipal Use

Hajor municipal users include the District of Abbotsford, the District of
Matsqui and the Clearbrook Hater Works D1str1ct. Excellent records provided
by these agencies based on metered discharge indicate the total groundwater
use in 1985 was 8.9 X 108 1gals. This quantity would be equivalent to a
continuous pumping rate of 1,700 Igpm.

Domestic Use

The use of wells for domestic purposes is not large in comparison to other
‘uses as many residents are serviced by municipal systems and individual
residential requirements are normally small {(<lgpm). If one-half of the
850 existing wells were assumed to be domestic wells in use at 0.5 gpm per
residence, the total annual withdrawal would be approximately 220 gpm. It
is 1ike1y that the true demand is less than this amount.

Trends in Use

Since 1960 groundwater use has increased significantly on the Abbotsford
Vpiand. tﬂfﬁﬂi$Wfﬁ®ﬁ—ﬁﬁmﬁﬁﬁmﬁﬁﬁﬁﬁﬁ%ﬁmﬂmm&w
AexToation.2n Semertic TEnirENENLy A% 3 00 Tps. By AOR1 IS I8k W8S
eprrvivresly defle Mlc seest ot 00D gpe {RAlctend  ITOEL Petimatss
”‘Fnr"i?‘ﬁ'S"in this report 2t ;0% “topm Indicate that wee I3 TN i -
cant. During the last decade municipal use has declined slightly and use at
the Fraser Valley Trout Hatchery has been relatively constant. 1In the early
1980's the District of Matsqui shifted their source of water supply from
wells to MNorrish Qreek with minor ‘augmentation from wells. This reduction
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in groundwater use was offset to some extent by increased production by the
District of Abbotsford for-the Sumas Prairie Water System. Irrigation use
appears to be increasing with the shift to "big gun type" irrigators which
require more water to operate'and larger capacity wells to maintain instan-

taneous flow requirements.

External Factors

As the aquifer underlying the Abbotsford Upland extends southefiy into the
State of Washington, it is possible that large groundwater withdrawals south
of the International Boundary may have some impact upon groundwater
conditions north of the border. The present extent of groundwater use south
of the border is not known precisely. In 1960 the Stdte of HWashington
reported that up to 1,725 USgpm was licensed for {irrigation of 351 acres
along the border in Sections 31 and 33 of T.41 N., R.AE and Sections 34, 35
and 36 in T.41 N., R.,3E, The town of Sumas, Washington also utilized
springs located in Section 33 T.41N., R.4.E. which were capable of supplying
2,250 USgpm. Average daily use from these springs in 1959 was reported at
120,000 gpd {83 USgpm). A.quantity of 1.5 cfs from Judson Lake was also
reported to be authorized for irrigation use.

§. WATER BUDGET

A comparison between the estimated aquifer withdrawal in 1985 and the
average annua) recharge jndisates thai pumping approached 45 percent of the
schemtically in Tigmre 12, For sssvesd steafy-state vepiitions “te-aibieh
water table Tluctuations 2are vélatively static -and there ¥s wo significant
net change in aquifer storage during the year, the remaining 55 percent of
the recharge is Tost through natural discharge into springs along the toe of
the upland, flow into deeper and contiguous aquifers and evapotranspiration.
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A portion of the groundwater withdrawn is also returned to the aquifer as
return flow and some is pumped out of the area {eg. to Sumas Prairie).

It would appear, therefore, that groundwater pumping is not presently
exceeding the annual recharge on the Upland. In this context, further
groundwater development may be warranted in some areas. However, this does
not necessarily mean that the present withdrawal rates are not causing some
effects such as well interference in localized areas. The major portion of
groundwater extraction is presently centered in the southeést corner of the
Upland where the Fraser Valley Trout Hatchery and the District of Abbotsford
wells presently account for more than 60 percent of the total withdrawals
from the Upland. In addition the Town of Sumas pumps from springs c1o§e to
this' same area. Other constraints to further groundwater development
including factors such as groundwater quality wdu]d also have to be
considered. High nitrates for example have been reported in the region
south and east of the Abbotsford Airport (Kwong, 1986).

As the overall withdrawal from the Upland does not appear to have
increased significantly since 1981 principally due to the decreased use of
wells by the District of Matsqui, the Tower water levels monitored in
observation wells since 1982 probably reflect a localized lowering of levels
{well interference} for pumping centered in- the southeast corner of the
Upland. A detailed level survey would be required to determine the extent
and configuration of the major zone of influence of this pumping ceﬁtre;

. TOROOSIDES AN RECORREDATIONS

“The Abbotsford THiend compTising onuien of 1B wquatk Mives A3 imder-
lain by a succession of sand and gravel. deposits which constitute a major,
aquifer. This aquifer supplies water for industrial, municipal, irrigation
and domestic use. Annual recharge to the Upland is estimated at 30 cfs.
Use in 1985 was determined to be 13.4 cfs {5,020 Igpm} on a continuous basis
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with 41 percent of the demand from industrial consumption, 34 percent from
municipal, 21 percent from jrrigation and 4 percent from domestic use.
Lower water levels monitored in observation wells since 1982 likely reflect

" a localized lowering of levels due to well interference and are not indica-
tive of a groundﬁater mining situation in which demand is exceeding the
natural recharge, The total quantity pumped in 1985 was estimated at
2.6 x 109 Igals. The major portion of groundwater extraction is presently
centered in the southeast corner of the Upland where the Fraser Yalley Trout
Hatchery and the District of Abbotsford wells account for more than 60
percent of the total Upland withdrawals. Overall demand since 1982 appears
to have been relatively steady but is likely to increase in the future with
increased irrigation needs. Depending upon the intended use, additional
groundwater supplies could be readily developed in some areas of the Upland
particularly in the southwest portion where water levels are close fo ground
surface. Water quality may be a constraint to groundwater development in
séme areas. Groundwater levels are closely tied to the levels of Laxton,
Judson and Abbotsford lakes and groundwateb discharge is a major flow
component of Fishtrap Creek and springs along the eastern boundary. Well
interference caused by major centres of withdrawa1 and between major
production wells locally results in reduced capacities of individual wells.
Shallow wells in the ‘topographicaliy higher. regions of the Upland are
particularly susceptible.to these ef fects and deepening of a number of these
wells has been necessary in the past.

As :hm‘agu:iinu:mMExiyﬁgg ﬁ&mgﬁﬁmntsismd,ugaand js.an zmnnnzanx.soummm
‘OF <aiter Ter INMEGINE, WERIIPE] and SOTICHTIONE] JOTEYSES, TOULTENDY

AR Eerlng of “the resoarte 13 destrdbtle. “1%%*1%1%aﬁ1§g
made for consideration:

1. Completing a detailed level survey of water levels within 1 1/2 miles
upsiope of the Fraser ‘Valley Trout. Hatchery and the District of
Abbotsford's Farmer Road production wells to determine the configuration
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~ of the major ‘zone of ‘influence of this pumping centre. This would
require approximately one man week to establish survey reference points
on available wells and 4 man weeks {two weeks for a two-man crew) to
'comp1ete the level survey. -COSts for this.work including salaries and -

expenses are estimated at $5,000.00.

2. Establishing two additional observation wells; one located southwest of
the Abbotsford Airport close to an area of high irrigation demand and a
second Gel] along Huntingdon Road between existing Observation Wells 2
and 8. It may be possible to obtain an abandoned domestic well for this
purpose. Contract costs for constructing and equipping one 6-inch
diameter observation well are estimated at $9,000 excluding engineering

supervisory costs.

3. Undertaking additional investigations of present and projected irriga-
tion use of groundwater on the upland to refine quantitative estimates.
A study of this type would best be undertaken in cooperation with the
Ministry of Agriculture and may be appropriate for a consulting firm.
Costs for this work could range from $10,000 to $30,000 depending upon
the scope of the investigations.

4. In areas such as the southeastern portion of the Abbotsford Upland where
there is intensive groundwater use and substantial investments have been
committed, consideration should be given to regulating any additional
groundwater extraction in -excess of -individual domestic +veguiremenis

Thrguh ASCEREING 0T, EETSRTARLE. JAni-3ke Z00ing S0, SRREmaT Tk KR
B sptear soonly ¥nr ardztion devilopoaaecte

Lo e e —r e iy et T g e e

5. Liaising with Hashfngton State officials to ascertain the significance
of groundwater use in the Washington State portion of the aquifer.
Visits to appropriate State offices and the Town of Sumas Waterworks are
recommended. Dne man-week of engineering time and approximately $300
for travel costs would be required'for this work.
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= [3.4 <Fs.

1O ACCOMPANY REPORT ON

Province of British Columbia GROWDWATER SUPPLY <A Pff BILITY

Ministry of Environment LA
G WATER MANAGEMENT BRANCH ABBoTSFORD UPLAND

E’ — ) DATE Afk ENGINEER
SCALEr VERT, ,vinncsrinarsnmrsmseannnasannnsramsssassnnsnnens ) -
g HOR. vuvanenveesrasnnrsanresetesssmeaamseassnnninton, /VOV‘/986' FILE NO.oovianiiiniciuenianiiaanserenr ... DWG. NaF/GU'&’E ...... / O .........

Sumas Energy-2rirareTs

Volume 2 Letter 4 - Page 47




8y obeq - v Janal.. .

e 1 Gancussy

- R = . zabinjop
— GNYIdN GH02S1088Y SI3 [euld Z ABisu3 spwng
= ALITBVAVD ANddNS YALYMANNOYD -

e HILVMANNOYS ONIZITILN
T S$311Y3d0¥d NOILVOIuY!

ST i ¥igem e [ ~] e orianin
C—a] Tumd Pt rmwoans 0 Adear L] TNOISIASE 53DNANT IR $IONIDN_ IOVIOLS

SOL Unswners . SLINIYd 321S 4IVH - . N .

vsn
YAVNVD -

"AZAENS 1314 98-G861
"51Svd SNOINVLINVLSKI

NV NO Wd9 G2 NVHL

SUOW ONIMVHGHLIM STI3M
HlM S31LY3d08d NOLLVDIYYI

aN3931

7 PI0jSI09qYy




I'N

FECHARGE

!

ouT

T

LETURAN FLol
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WATER  BUOEET  HBEOTSFORD UPLAND, /1985

Province of British Columbia
Ministry of the Environment

E

1O ACCOMPANY REPOl_!T ON

GRoUNDWATER SUPPLY

SCALE: VERT

DATE

HOR

DEC, /886,
CAPABILITY Y
ENVIRONMEN.TAL AND ENGINEERIP:JG SERVICE ABBo T SFoRD UPLAND A.. ENGINEER
WATER INVESTIGATIONS BRANCH . ' FILE No. OWG. No LPGLRE [fZ.
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TABLE 1

'SUMMARY OF OBSERYATION WELL INFORMATION, ABBOTSFORD UPLAND

Well | Reference Date Depth Diameter Non-Pumping Screen Location Screen Lithology
No. | Location Completed] Ft. Inches Mater Level Feet Size
When Completed
2 TWP16SECT#3 1972 63 6 -+ 3374"({1972) 58-63 20 siot sd, + gr.
8 TWP1BSECIO#16 1972 86 %) 55.21" {1972} 82-86 40 slot sd. + gr. locally
siity 0-87
14 TWP165ECL0#24 1971 155 6 21 (1971) 150-155 40 slot sd, + gr. 0-171
171-251 c¢lay
15 TWP16SECL0426 1971 3207 8 20" {1971) 7 ? sd. + gr. with
_ silty zones
272 TWP16SEC3#50 1981 119 6 20' (Oct 1981) 111-119 29 slot sd. + gr. 0-119
S . 8" T.8.
273 TWP16SEC3#51 1981 108 6 18' {0Oct 1981) 100-108 20 slot sd, + gr. 0-108
6" T.S. £i11.108-112
274 TWP16SEC3#52 1981 218 6 134" {oct 1981) 210-218 22 slot sd. + gr. 0-220
. 6" T.5.

Sumas Energy 2 Final EIS
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TABLE 2

SUMMARY OF RECHARGE E£STIMATES, ABBOTSFORD UPLAND

Method Period Hater Holding Unconfined Recharge Annual Recharge
of Capacity of Seil Storativity as Percentage Rate for Entire
Record in Unsaturated Zone In Saturated of Mean Annual Ypland Area (CFS)
{Soil Type) Zone Precipitation
A. Water Balance| 1951-1980 100 mm/m fine sand -- 63 . 51
B. Hydrograph 1473-1984 -- 0.3 53 43
Analysis
(Well No. 8} 1973-1984 - 0.2 37 30
1973-1984 - 0.10 18 15
(Well No. 2} 1975-1964 - 0.3 81 66
' 1975-1084 -- 0.2 54 44
1975-1984 - 0.1 27 22

Sumas Energy 2 Final EIS
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TABLE 3 _
ESTIMATED GROUNDMATER USE, ABBOTSFORD UPLAND 1985

User Hell Qutput
‘ . {Igals)
District of Abbotsford Farmer Road No. t - 234,119,000 W e ey
Farmer Road Ho. 2 1,811,976 - -~ "0 .
Farmer Road No. 3 179,211,243 R
Well No. 2 13,022,000 ’
Riverside No. 1 210,052,000 :
638,216,219
District of Matsqui "1 Townline No. 1 22,916,014
Townline No. 2 18,160,648
. 41,076,662
Clearbrock Water Horks 4 Wells 211,632,400
211,632,400
890,925,281,
Fraser Yalley Trout Hatchery 4 Hells 930,312,000
930,312,000 930,312,000
Other Industries 157,680,000
157,680,000 157,680,000
Irrigation - 541,368,000
541,368,000 541,368,000
Domestic ——- 115,632,000
115,632,000 115,632,000
Total: 2,635,917,281
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APPENDIX A
. TABLE 1
WATER BALANCE
USING METHOD OF THORNTWAITE AND MATHER (1957)

Station: Abbotsford A

Period of Record 1951-1980
Lat. + Long: 49°2'N 122°22'W 59m _ ' ‘

JAN FEB MAR APR MAY  JUN JUL AUG SEP 0CT NOY DEC TOT1

TEMPERATURE, (°C)
(MEAN MONTHLY) 1.6 4.4 5.6 8.7 | 12.0 | 14.7 17.0 1 16.9 ]14.5 | 10.1 5.6 3,2 -
HEAT INDEX, I 0.18{ 0.82) 1.19} 2.31| 3.76| 5.12 6.38| 6.32 | 5.01] 2.90{ 1.19] 0.51| 35.69
UNADJUSTED PE 0.2 0.7 0.9 1.4 1.9 2.4 2.8 2.8 2.4 1.6 0.9 0.5 18.5
LATITUDE :
CORRECTION 22.5 § 23.7 | 30.6 | 34.5 ] 39.6 | 40.2 40.5 | 37.2 [31.5 | 27.6 | 22.8 | 21.3 -
ADJUSTED PE 4.5 | 16.50] 27.54] 48.3 | 75.24] 96.48] 113.4 {104.16 |75.6 | 44.16] 20.52{ 10.65| 637.14
PRECIPITATION .
p - 209.4 |159.5 [139.3 [102.4 | 78.2 | 64.5 41.2 | 55.9 }89.6 [153.4 |191.8 [227.8 |1513.0

(MEAN MONTHLY) :

P - PE 204.9 |142.91{111.76] 54.1 2.961-31.98] -72.2 |-48.26 |14 109.241171.28}217.151911.82
ACCUM. POTENTIAL
WATER LOSS -31.981-104.18}-152.44

STORAGE 100 100 100 100 100 72 34 - 21 35 100 100 100

STORAGE 0 0 074 0 0 -28 | -38 - 13 |14 65 0 0
AE ' 4.5 { 16.591 27.54| 48.3 | 75.241 92.5 79.2 68.9 |75.6 | 44,16| 20,52 10.65(563.7
MO1STURE ' '
SURPLUS 204.9 |142.91}111.76} 54.1 2.96] 0 0 0 0 44.,24(171.28[217.151949.3
WATER HOLDING CAPACITY OF SOIL 100 ma/m. SOIL TYPE Fine Sand .
RECHARGE AS PERCENTAGE - —_—
OF MEAN ANNUAL = 949.3 x 100 = 63%
PRECIPITATION IBTETU'
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HYDROGRAPH METHOD foR ESTIMATING RECHARGE
_ WELL NO. 2
[y T
: AECHAREE
\\i\: 13 - CURVE
.:g _
Y
g
2 DISCHARGE
. CURVE
Q-
M -
§ |
e
§
X
o
Q
9]
3 5 —
¢
\y
~4
o, . X
tﬁ . |
5 S !
/6 — EXTEN SoM N !
OF WATER LEVEL N |
DECLINE ~ |
\\ t
N
T © /979 1980
: = OECLNE (M)
RECHIRGE =  ahi N _ufafoh A‘f) ( , ) UbEEE sk = WHTER LEVEL
. RKATE m) A%y Alo -.qf;, 46/ = WATER LEVEL KISE ()
Ozf, = Frlwd oF WA r.e:? )LEVEL
i : OECLINE +. (1
K = ﬁ Aé/ “f“ 4 Ao m/mayﬁf Atf = FPrRico oF WATER LEVEL
N At _RIsE ol
’ p = UNCONFINED STORATIWITY
(P ErSS 10N LE 55)
i fB t h CO' b‘| 1O ACCOMPAMNY REPORT ON
Province of Britis umbia
Ministry of Environment EROMWDWATER SUpPPLY CAPABILITY
= WATER MANAGEMENT BRANCH ABBOTSFoRD UPLAVD
g B X T2 O P Tt T L PR TTTIt ’f ....... ENGINEER
7] scaies vear. 45, FHOWM.....ooorerreeeren oate | s
g " Honf?sjd‘/"“/"/ /W)V/?Bé FILE No/?Pf’FMD/XA PWG Nuﬁé:(/'eé./
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APPENDIX A
_ TABLE 2
SUMMARY OF DATA FOR RECHARGE CALCULATIONS, OBSERVATION WELL 2

RECHARGE , ' R
PERIOD ho to . h 11 n (m/month)
. metres) | (months) | (metres) | (months) | x 10-2

10.71
21.42
32,13
14.87
29,74
44,61
7.5
15.00
22.5
9.26
18.52
27.78
5.04
10.08
15.12
9.33
18.66
27.99
9.48
18.97
28.45
14.87
29.74
44,61
13.93
27.86
41.79
10.3
20.06
30.9

1974-75 3.469 7.82 2.25 . 3.59

" 0+ =

1975-76 2.75 6.79 4.438 4,10

\
1976-77 | 3.969 9.23 0.656 | 2.05

cocoocoo

WMo = LN W

1977-78 2.031 - 7.05 2.125 3.33

1978-79 1.875 6.28 1.00 .| a.87
1979-80 2.094 8.08 3.281 4.87
1980-81 1.969 6.41 2.469 3.85

1981-82 1.438 3.85 4.563 4.10

.

L) . .

1982-83 5.313 8.72 2.313 2.95

1983-84 2.688 6.92 3.125 | 4.87

OO0 OoO0O0OOOOOOOOOoOOOCOOOOOOO0O
. » - L] » L] L3 . - L] * . - - -
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APPENDIX A

TABLE 3

SUMMARY OF DATA FOR RECHARGE CALCULATIONS, OBSERVATION WELL 8

RECHARGE
PERIOD

ho
metres)

to
{months)

hy
{metres)

t1 .
{months)

{(m/month)

R
x 10-2

1973-74
1974-75
1975-76
1976-77
1977-78
1978-79.
1979-80
1980-81
1981-82

1982-83

1.594

2.438

1,750

2.844

1.031

1.281

1.000

©1.250

0.906
3.906

1.281

8.21
8.33
6.67
9.74
7.05
8.85
7.05
6.41
4.10
9.23

6.54

2.438
1.375
3.219
0.250
1.188
0.563
2.156
1.656
3.344
0.969

1.656

4.36
3.21
3.97
3.33
5.13
3.21
5.00
5.38
4.49
4.10

5.13

+

. »

OO OoD 0o
. . s
[NSEEC S IR FORAS I o LR AN I

.

- 10.73 -

-

.

*

. . . -
COMI I QO P 0 IR LI N R L0 PO = WY - )

-

OO0 0OOOOOOOOOOOCOoOOID0O000O0
- - - - - - - L] - - - L - * - - . -

7.53
15.07
22.60

7.21
14,42
21.63

21.46
32.19
3.67
7.34
11.01
3.78
7.56
11.34
3.2
13.96
- 9.6
5.73
11.46
17.19
5.03
10.06
15.09
9,66
19.32
28.98
6.59
13.18
19.77
5.19
10.38
15.57

Mean annual recharge interval (ty) = 4.301 months

Recharge as percentage of mean annual precipitation for given storativity

= (mean recharge rate)(mean annual recharge interval) x 100

mean annual precipitation
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